The main endeavour Field was chosen as the ridge 2000 endeavour integrated Study Site bull's-eye because of its large and vigorously venting sulfide structures, because it was believed to be dominantly in a tectonic phase with significant seismic activity, and because it had a rich history of study by a diverse array of investigators. The lower-resolution multibeam bathymetry was collected during the university of Washington keck-funded cruises using the r/V Thompson em300 system. The ~ 5 m resolution bathymetry was collected during the keck-university of Washington Visions05 (http://www.visions05.washington.edu) cruise using the autonomous underwater vehicle ABE as part of a site survey effort for NeptuNe canada.
the eNdeaVOur iNtegr ated StudieS Site In addition, the 1999-2000 seismic events and associated injection of melt beneath the Endeavour Segment (Davis et al., 2001; Lilley et al., 2003; Bohnenstiehl et al., 2004 , Wilcock et al., 2009 (Clague et al., 2008) . Indeed, one sulfide-hosted microbe recovered from the Mothra Hydrothermal Field grows at 121°C-only one organism has been cultured at higher temperatures (122°C) (Kashefi and Lovely, 2003; Takai et al., 2008) . Long-lived chimneys at times have grown to 45 m above the surrounding seafloor and 50 m across. Endeavour is the only area where seismic intensity has been linked directly to heat flux at the individual vent-field scale Kellogg, 2011) . Although it was initially believed that basalts comprising the flanks were much older than the flows in the axial rift, new geological observations and U-Th disequilibria indicate that most axial valley basalts and some on both flanks are Holocene in age (Gill and Michael, 2008; Dreyer et al., 2010) . Other surprising finds are that at least 10 discrete mantle melting episodes Figure 2 . interdisciplinary lithosphere-to-hydrosphere representation of endeavour Segment. This image shows the surface bathymetry underlain by multichannel seismic results from carbotte et al. (2002) and Van ark et al. (2007) . For ease in viewing and graphical representation, the along-axis transect has been moved slightly to the east of the ridge axis; the white dashed line indicates the location of the along-axis survey line within the axial rift. a magma chamber reflector is found beneath all five of the vigorously venting hydrothermal fields (red triangles), as well as beneath the newly discovered Stockwork system to the far south, which is underlain by another strong reflector defined by Van ark et al. (2007) . The magma chamber near the inflated, shallowest section of the ridge shoals to a depth of ~ 2.1 km beneath the seafloor and deepens significantly to the south to a depth of 3.3 km (Van ark et al., 2007) . differences in seismic reflection indicate that the magma chamber is composed of about four sections. The red circles show the hypocenters for double-difference locations lying within 1 km of the location of the seismic profile (Wilcock et al., 2009) . also shown are inferred patterns of upflow and downflow (arrows) as first described by delaney et al. (1997) . The three panels projected above the spreading center show the potential temperature anomaly sections resulting from repeat hydrography surveys in the summers of 2004-2006 (kellogg and mcduff, 2010) . historically, the main endeavour and high rise hydrothermal fields have yielded the largest and most intense buoyant plumes, corresponding to the largest and most vigorously venting hydrothermal structures and the most intense seismic activity. also shown is an image of the 380°c hydrothermal vent Sully, hosting a vibrant tubeworm community.
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Following this rapid near-axis change, seismic Layer 2A velocities increase gradually over several million years due to ongoing low-temperature hydrothermal alteration on the ridge flanks (Rohr, 1994; Nedimović et al., 2008) . that may correspond to separate episodes of eruption, filling of crustal magma lenses, and mantle melting (Woodcock et al., 2007; Gill and Michael, 2008) .
In detail, all basalt types occur within the axial rift valley where about half are E-MORB, half T-MORB, and < 10% N-MORB. The greatest geochemical diversity is near the base of the western wall where all basalt types occur within tens of meters of one another. This fault is also the western terminus of the current axial magma chamber and is the main structural control for fluid flow that feeds the southern hydrothermal fields (Delaney et al., 1992; Kelley et al., 2001b; Glickson et al., 2007) . It has also been the locus of past seismic swarms (Wilcock et al., 2002) . Surprisingly, both magmas and fluids appear to rise along fractures within this fault system (Gill and Michael, 2008) . Because magma types there are so diverse, they either skirted the axial magma chamber (AMC) or the Endeavour AMCs are short-lived relative to the frequency of magmatism near the wall. Table 2 ; Delaney et al., 1992 Delaney et al., , 1997 Robigou et al., 1993; Kelley et al., 2001a,b; Glickson et al., 2007; Kelley and Shank, 2010) . For example, the structure milli-Q is now extinct, and both puffer and Sully (historically the two highest-temperature and most vigorously venting structures in main endeavour Field) have much lower venting temperatures than in 2000 (see Figure 6 ). in contrast, northern complex structures such as hulk and grotto continue to be very active. Figure 5 . hydrothermal edifices within the endeavour vent system. (a) The bastille structure, rising > 15 m above the seafloor, is typical of structures in the Main Endeavour, High Rise, and Salty dawg hydrothermal fields, exhibiting numerous active flanges and black smoker orifices at its summit. mixing of hydrothermal fluids and seawater in the porous outer walls supports dense communities of limpets, palm worms, scale worms, and tubeworms. This image shows one of the small pinnacles that form the summit of bastille. The scale bar in all images is ~ 1 m. (b) The cathedral complex in the southern portion of main endeavour Field is located on a talus slope along the western axial valley wall. discovered in 2000, it is the only white smoker system on endeavour (see http://media.marine-geo.org/video/ video-cathedral-vent-complex-2000). it is for the most part extinct now and was likely a short-lived system resulting from the 1999 injection event. mixing of seawater and hydrothermal fluids within the talus debris likely resulted in deposition of metals beneath the seafloor and egress of some of the lowest-ph fluids measured at endeavour. (c) tall, steepsided structures typify black smoker deposits in the mothra hydrothermal field, where they rise up to 24 m above the surrounding seafloor. This photomosaic is looking north, showing the 305°c venting structure Finn (left) and 287°c edifice roane (right). both chimneys were truncated in 1998 as part of the university of Washington edifice rex program (delaney et al., 2001; kristall et al., 2006) . Finn has regrown a ~ 7 m tall section since then, with the new growth highly colonized by vibrant tubeworm communities (see http://media.marinegeo.org/video/black-smoker-finn-2005). a piece of Finn recovered in 1999 hosted the 121°c organisms cultured by kashefi and lovely (2003) . The experiment in roane consists of a microbial incubator inserted into the structure to examine the in situ conditions under which life thrives, survives, and expires within these extreme environments.
and 2). The higher frequency and abundance of both sulfide structures and diffuse-flow sites at Endeavour versus the EPR likely reflect the relative stability of heat sources and longer periods between eruptive events at Endeavour that maintain permeability pathways. In contrast, the higher frequency of eruptive events at the EPR leads to disruption of flow paths and/or covering of hydrothermal flow sites by lava (see Fornari et al., 2012 , in this issue).
dikiNg eVeNtS, SeiSmicit y, aNd hydrOthermal FlOW
The 20-year SOSUS earthquake catalog (Dziak et al., 2011) It was the first event to be recorded by in situ short-period seismometers deployed in small boreholes and "seismonuments" (i.e., rectangular cement casings with holes in which short-period seismometers are placed to better couple the sensors to the seafloor) at Endeavour as part of the Keck observatory effort (Wilcock et al., 2009; Hooft et al., 2010) .
In concert, these events perturbed the hydrology, chemistry, and biology of the Endeavour system, which had been relatively stable since the discovery of vents there in 1982 (Delaney et al., 1992) .
1999-2000 diking event
The MEF was affected most strongly by the melt pulse and seismic swarms in 1999-2000, with dramatic increases in chimney growth, vent fluid temperatures, volatile concentrations, and flocculent output (Lilley et al., 2003; Seewald et al., 2003; Seyfried et al., 2003) . Prior to 1999, there had been a long-standing chemical gradient between the northern and southern portions of the MEF that was interpreted to reflect feeding by two distinct upflow limbs (Figure 2 ; Butterfield et al., 1994; Delaney et al., 1997; Kelley et al., 2002) . Fluid chemistry showed well-defined variation in salinity, carbon (CO 2 + CH 4 ), and temperature from north to south, with the highest salinity, lowest temperature fields occurring at Sasquatch and Mothra (~ 300°C, 710 mmol kg -1 Cl; Lilley et al., 1993; Butterfield et al., 1994; Delaney et al., 1997; Kelley et al., 2001a Kelley et al., , 2002 Lilley et al., 2003; Glickson et al., 2007) . The MEF hosted the long-standing record (two decades) for the highest vent fluid temperatures on the segment (up to 402°C; Delaney et al., 1984) , with many of the structures in the southern Bastille complex exhibiting both boiling and supercritical condensation (Butterfield et al., 1994; Kelley et al., 2002; Lilley et al., 2003) . However, beginning June 8, 1999, a diking event and resultant seismic swarm disrupted this gradient (Lilley et al., 2003) . Volatile chemistry for the hydrothermal edifices Sully (blue dots) and hulk (red dots) located in main endeavour Field. as illustrated, the hydrothermal systems in the bastille complex, where Sully is located, and the northern complex, which hosts hulk, have continued to have distinct chemical-thermal properties both prior to and following the 1999-2000 events. The implication from these results is that the bastille complex is fed by a different upflow limb of a convection cell than the northern complex (as illustrated in Figure 2 ). The appearance of isotopically heavy and radiocarbon dead cO 2 (δ 13 cO 2 ) following the 1999 seismic event showed that the earthquake event likely represented injection of melt during a diking event (proskurowski et al., 2004) . also shown is the evolution of macrofaunal communities on Sully, which has dramatically dropped in temperature since 2000 when it was venting 380°c fluids. green stars indicate years of seismic swarm events. Kellogg, 2011) . This correlation suggests that the earthquakes are intimately linked to the processes of hydrothermal heat extraction, similar to findings at the EPR (Fornari et al., 2012, in (McClain et al., 1993) or that the axial earthquakes were a manifestation of thermal stresses induced by hydrothermal cooling (Wilcock et al., 2002) . (Hooft et al., 2010) . Interestingly, the migration of earthquakes suggests that the dike propagated southward toward the center of the segment from a magma source to the north, which is possibly associated with Endeavour Seamount at the east end of the Heck seamount chain (Weekly et al., 2008) .
Seismicity from 2003 to 2004
Both swarms triggered increased rates of seismicity beneath the vent fields that were delayed about two days from the onset of seismicity on the northern Endeavour Segment. For the January swarm, the triggered seismicity was concentrated between Salty Dawg and High Rise (Weekly et al., 2008) . (Takai and Nakamura, 2010; Flores et al., 2011) . In sulfide material from the black smoker edifice Dudley in the MEF, Epsilonproteobacteria comprise more than half of the bacteria clones (Zhou et al., 2009) . Functional genes from a Mothra sulfide sample show that microbial communities are mainly fueled by sulfur oxidation coupled to CO 2 fixation via the Calvin cycle (Xie et al., 2011). This observation is in keeping with the predominant CO 2 fixation role of Epsilonproteobacteria. The first evidence of nitrogen (N 2 ) fixation at vents was found in a key N 2 fixation gene (nifH) in diffuse fluids near Puffer in the MEF (Mehta et al., 2003) . This result indicates that nitrogen reduction is also occurring in the subseafloor at Endeavour.
Hydrogen concentrations are 50-80% lower than predicted in diffuse vent fluids, suggesting that there is considerable microbial H 2 oxidation within the subseafloor (Wankel et al., 2011) .
Studies of the role of microbial communities on the weathering of hydrothermal vent deposits at Endeavour show that community diversity decreases with decreasing reactivity of the sulfide component and increasing presence of alteration products (Rogers et al., 2003) .
The surfaces of inactive sulfide mineral assemblages were colonized solely by bacteria and not by archaea . Results of biofilm and molecular analyses indicate that these weathered minerals are predominantly colonized by Fe-oxidizing bacteria, which preferentially form in pyrrhotite-rich regions (Rogers et al., 2003; Toner et al., 2009 ). The results indicate that mineraloxidizing bacteria play a prominent role in weathering of seafloor sulfide deposits . 
